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Radiating aperture on cylindrical surfaces for end fire applications
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Abstract This paper describes an aperture type antenna mounted on cylindrical structure for end fire application This type of structure is 
suitable for command links with ground from space-craOs and command guided weapons This polarization of the antenna is perpendicular to the 
cylindrical surface There is not much change in 11-planc pattern For F-planc calculations, an equivalent monopole is replaced for the antenna 
Uniform theory of difTraction is used to calculate radiation patterns of the antenna in lit and shadow zones For calculations an infinite length of 
the cylinder is considered However, for measurements limited length of the cylinder is taken which is dictated by the quiet /one of the antenna 
test facility. Measurements ore carried out in F>plane, and intermediate cuU pf interests The experimental and the tlieorctical results arc presented 
lot these cuts
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1. I n t r o d u c t io n
Spacecrafts o r  A e ro s p a c e  v e h ic le s  n e e d  R F  lin k s  w ith  th e  
ground s ta tio n s. T h e  R F  lin k s  n eed  su ita b le  a n te n n a s  m o u n ted  
onboard th e  v e h ic le s . T h e  ty p e  o f  th e  a n te n n a  a n d  its lo c a tio n  
on board  is d ic ta te d  b y  th e  a e ro d y n a m ic  p ro f ile  o f  the  
cylindrical s tru c tu re . T o  m in im is e  th e  tr a n sm is s io n  lo sse s  it 
IS desirab le th a t  th e  a n te n n a s  b e  lo c a te d  n e a r  th e  tra n sm itte rs  
and rece iv ers . H e n c e , it is d e s ira b le  th a t th e  a n te n n a s  be 
mounted on  th e  c y lin d r ic a l s tru c tu re s  a h e a d  o f  th e  en d  
sections. F ig u re  J s h o w s  th e  a n te n n a  m o u n te d  o n  th e
BRure 1. Antenna mounted on the cylinder.
cylindrical su r fa c e  w ith  c o o rd in a te s  u se d  to  c a lc u la te  th e  
radiation p a tte rn  o f  th e  a n te n n a . T h e o re t ic a l so lu tio n  u sed  in
th is  p a p e r e m p lo y s  th e  ray  c o o rd in a te s  o f  th e  G eo m e tr ic a l 
T h e o ry  o f  D iffrac tio n  (G T D ) [1]. T h e  G T D  w as in tro d u ced  
by  K e lle r  [2] to  fo rm u la te  th e  d if fra c tio n  in te rm s  o f  rays. 
U n ifo rm  T heory  o f  D iffraction  (U T D ) [3] has been  used in this 
p ap er to  ca lcu la te  the E -p lane rad ia tion  pa tte rn  o f  the an tenna .
2 . C a lc u la t io n  o f  E -p la n e  r a d ia t io n  p a t t e r n  o f  th e  a n te n n a
T h e  a n te n n a  is re p la c e d  by an  e q u iv a le n t m o n o p o le  on  th e  
c y lin d ric a l su rface . T h e  to ta l sp ace  can  be  d iv id e d  in to  lit 
reg io n  (directly seen  by  the a n te n n a ) a n d  sh a d o w  reg io n  
(o b s tru c te d  b y  th e  c y lin d e r) . M o n o p o le  on  th e  co n v ex  
su rfa c e  can  be  re p la c e d  b y  an  in fn ite s im a l e le c tr ic  c u rren t 
m o m e n t dpg(V) g iv en  by  [3] :
dp,(Q ')=I(l')d l'n \  (1 )
w h e re  / ( / ' )  d e n o te s  th e  e le c tr ic  c u rre n t d is tr ib u tio n  o n  th e  
m o n o p o le  an d  V is th e  d is ta n c e  a lo n g  its le n g th  m e a su re d  
fro m  th e  base  at Q '. T h e  to ta l e le c tr ic  f ie ld  £ , ( p )  can  b e  
c a lc u la te d  from  fie ld  dE^ip) b y  re p la c in g  th e  so u rc e  s tren g th
dp,(Q') b y  j i ^ , ( / ' ) c o s  (W 'c o s  6') i f  P is  in lit reg io n , o r
b y  i f /*  is in th e  sh a d o w  re g io n , k is p ro p a g a tio n
w a v e  n u m b e r  (Jt = In fk ,  A = w a v e le n g th ).
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Shadow region :
T h e  e q u iv a le n t s o u rc e  dpg(Q') a t Q' e x c ite s  w a v e s  th a t 
p ro p a g a te  a lo n g  ra y  p a th s  in to  th e  sh a d o w  reg io n . I lie  fie ld  
a t th e  p o in t Pj, is g iv e n  by  [3] ;
d E A P jQ ')  = dPAQ').fAQ'/Q)
^[Pc/s(Pc (2)
w h e re  th e  d y a d ic  T^iQ'fQ) is a tra n s fe r  fu n c tio n  th a t 
d e s c r ib e s  th e  la u n c h in g  o f  th e  su rfa c e  ra y  f ie ld  a t Q' an d  
its a m p litu d e  a n d  p h a se  v a ria tio n  a lo n g  th e  g e o d e s ic  p a th  
fro m  Q' to  0 a n d  a lso  th e  d if fra c tio n  o f  th is  su r fa c e  ra y  fie ld  
a t Q. T h e  d y a d ic  is d e f in e d  as :
TAQ'/Q) = ^^J^[pi'nTAQ')H + n-b
 ^[ d v r j d n i Q ) ^  [p AQ )I p , . (3)
w h e re  Z q is th e  fre e  sp a c e  w a v e  im p e d a n c e , T^(Q') = 1 fo r  
c ir c u la r  c y lin d e r , t is th e  u n it v e c to r  ta n g e n t to  th e  su rfa c e  
ra y , b is th e  b in o m ia l u n it v e c to r  a t Q, i* an d  W h a v e  th e  
sa m e  m e a n in g  a t Q'.




g(<^ ) an d  i^ (^ )  a rc  h o c k  in teg ra ls . T h e  f o c k  p a ra m e te r  f  fo r 
th e  “ S h a d o w  z o n e ” is d e fin e d  as
t r  ^
(5)
rh e  o th e r  sy m b o ls  u sed  h e re  a re  th e  s ta n d a rd  sy m b o ls  u sed  
in G T D  o r U T D  [3]. Hq. (2 )  w ill be u sed  to  c a lc u la te  th e  fie ld  
in th e  sh a d o w  re g io n .
Lit region :
T h e  e q u iv a le n t  s o u rc e  dp^AQ') ‘''t  Q' e x c ite s  w a v e s  
p ro p a g a tin g  d ire c te ly  in to  th e  lit re g io n  th ro u g h  G O  p a th s . 
T h e  f ie ld  s tre n g th  a t th e  p o in t pi  is g iv en  b y  ;
d E A p ,jQ ') = c J p A Q ' ) Z ' ^S (6 )
w h e re  7L' = . \n'nM + n'bN\,
AY = sin£?'[//' +7^2 rcos<7'],
N = s in  0‘ Ti) T,
5 ' - / / ' c o s (9^
r  =
1 + Tj c o s  O'
To -
H< = g(4,)e-J ,
In th e  a b o v e  e q u a tio n s , g  a n d  g  a re  F o c k  fu n c tio n s  lin. 
F o c k  p a ra m e te r  fo r  th e  lit re g io n  is g iv e n  b y
= -m ,(Q ')cos0‘,
m(Q’)
[ l +  7 ri^co s2 t7 ']A'P .
f h e  o th e r  sy m b o ls  u se d  h e re  a re  th e  s ta n d a rd  symbol', 
u se d  in G 'f D  o r  U T D  [3 ], f q .  (6 )  w ill be  u se d  to  calculak 
th e  ra d ia tio n  p a tte rn  o f  th e  a n te n n a  in th e  lit reg io n
3 . 'f h e o r e t i c a l  a n d  e x p e r i m e n t a l  re .su lts
A n  o p en  e n d e d  re c ta n g u la r  w a v e g u id e  a n te n n a  w ith  aperture 
d im e n s io n s  OJA a n d  0.35/^ h a s  b een  d e s ig n e d  to  meet the 
b e a m w id th  re q u ire m e n ts  F o r th e o re tic a l c a lc u la tio n s  inlinite
(a) « ' -  25“
(b) 7/' -  20"
90"
(c) a '  -  35“
Finure 2. Antenna radiation patterns with varying a ' 
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length o f the cy lindrical section is assum ed. Eq. (2) is used 
10 calculate the  radiation  pattern  in the  shadow  zone and 
ec (6) is used to  calcu la te  the  radiation  pattern in the lit zone. 
F ig u re s  2(a-c) show s the resu lts fo r a '  = 2.5, 20 and 35 deg 
respectively. T he m easurem ents are carried out in a C om pact 
Antenna Test R ange at R C I, H yderabad. The antenna is 
mounted on a cy linder o f  length 4(U and diam eter o f 
1(U The length o f  the cy linder w as dictated by the quiet 
zone o f the test facility . T he m easurem ents are carried out 
for values o f  a ' = 2 .5 , 20 and 35 deg  and arc shown in 
hiLHirc 2 with the theoretical results.
4. Conclusions
A  su rfa c e  m ounted  rad ia ting  aperture for end fire applications 
su ita b le  for a irbom e/aerospace  to  g round com m unication 
link is designed, fabricated  and tested. Single antenna covers 
onlv half o f  the desired  space. For conical coverage two 
'iniennas arc used. U niform  theory  o f  diffraction has been 
used to calculate the  radiation  paticm s o f  the antenna to 
Ir e c /c  the an tenna design. For theoretical calculations infnitc
length o f the cylinder has been assum ed E xperim ental 
m easurem ents arc carried out on a lim ited length o f  the 
cylinder. In the lit region the theoretical and experim ental 
results match closely However, the difference betw een the 
theoretical and experim ental results in the shadow  zone for 
small a' is because o f  limited length o f the cylinder during 
m easurem ents
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